I. INTRODUCTION
The global electric power demand is rapidly increasing. The increasing disparity between demand of energy and supply leads to a number of concerns in relation to the present and future availability of energy sources in the world, the environmental costs that will be associated to this growth, and how third world countries will handle the increasing energy needs of their growing populations [1] . The power industry depends more and more on the industry growth rate and the use of the existing capacity in the most effective way. Therefore current challenges in power engineering include optimizing the use of the available resources and keeping high reliability for operating conditions that will include narrow stability and security margins [1] .
Changes in the power generation and transmission systems, optimizing the available resources while making environmental consideration, and ensuring high reliability in the system operation, are necessary in order to match the increasing demand in the load areas. The system planning must ensure controllable generation for regulating both frequency (by controlling the output of the active power) and voltage (by controlling the output of reactive power), and must control the costs and ability to operate as spinning reserves when needed. An optimization and coordination of the available resources, as well as the construction of new generation plants will thus be necessary.
The fact that loads are generally voltage dependent is a critical aspect for the planning and operation of the power system. The load characteristic may result in a very optimistic or pessimistic design if it is not chosen appropriately, leading the system to voltage collapse or on the other hand to very over-sized security margins.
II. LOAD MODELING
The interest in load modeling has been continuously increasing in the last years, and power system load has become a new research area in power systems stability. We now realize that load-voltage characteristics have a significant effect on system performance, and transient stability results are known to be highly dependent upon the load characteristics assumed [2] . Several The parameters of this model are the coefficients (a1 to a6). This model is referred to as the ZIP model, since it consists of the sum of constant impedance (Z), constant current (I), and constant power (P) terms. The model has been implemented in [6] .
B. Exponential Static Load Model
This is another branch of the static load model that represents the power relationship to voltage as an exponential non-linear equation, usually in the following form [3] :-
The parameters of this model are the exponents, np and nq. By setting these exponents to 0,1 or 2, the load can be represented by using constant power, constant current, or constant impedance models respectively. Other exponents can be used to represent the aggregate effect of different types of load components as expressed in [3] [7] .
C. Exponential Dynamic Load Model
Due to the large amount of electrical heating loads in 4-season countries, and its critical effect on voltage stability a load model with exponential recovery has been proposed [5] . The model is presented below, as a set of non-linear equations, where real and reactive power has a non-linear dependency on voltage.
Ijr .
. ION 7600 Power Quality Monitoring System (PQMS) installed at various 33kv feeders in the Central Region recorded the RMS and sinusoidal voltage and current deviations during the fault event. This is the first time PQMS data is being used to evaluate loadvoltage characteristics. Previously, data was only used to analyze voltage sag index for important customers in the region.
The fault incident affected 13 feeders. They are BJLL4L5, BTGA2L5, HCOM3L5, KLJT8L5, MERU4L5, NUNI13L5, PIDH2L5, PJST6L5, PMJU7L5, PROT3L5, SHAE8L5, SRDG1L5 and TMSY2L5.
A. Determination of Phase Angle
Since data is sampled at standard 32 samples per cycle, a mathematical calculation of phase angle between voltage and current is devised based on the zero-crossing technique. Microsoft Excel is used.
The 2 successive points where the data changes from positive to negative for both phase voltage and current is of interest in the tabulation. The change indicates that the zero crossing occurs in between these 2 values. The actual value needs to be calculated. It is found that points close to zero crossing of the waveform form a linear line. Figure 1 illustrates the linear line observed when 6 data points of red phase sinusoidal voltage (VRpp) is plotted during zero crossing. For this research, the exponential static load model is used. This would be a natural progression since the constant power load model is currently implemented in TNB power systems. Based on previous works, the results obtained using the static model and dynamic model does not pose much differences if the amount of heating loads are minimal and the voltage deviation of the system is not too drastic [1] . In their transformed forms, these models can use linear regression to evaluate the constant coefficients. They could then be transformed back to their original state and used for predictive purposes. This has been done in previous works [3] [5] . The problem is that the transformation distorts the experimental error. Linear regression assumes that the scatter of points around the line follows a Gaussian distribution and that the standard deviation is the same at every value of V. These assumptions are rarely true after transforming data. Furthermore, some transformations alter the relationship between V and P. Thus, non-linear regression is employed.
To remove the subjectivity of the chosen method, some criterion must be devised to establish a basis for the fit.
A. Residual Analysis
The residuals from a fitted model are defined as the differences between the response data and the fit to the response data at each predictor value. r, Yj -Yi Assuming the model fitted to the data is correct, the residuals approximate the random errors. Therefore, if the residuals appear to behave randomly, it suggests that the model fits the data well. However, if the residuals display a systematic pattern, it is a clear sign that the model fits the data poorly.
B. Sum of Squares Due to Error (SSE)
This statistic measures the total deviation of the response values from the fit to the response values. n SSE = (yi-yi) ii= A value closer to 0 indicates that the model has a smaller random error component, and that the fit will be more useful for prediction.
C. R-Square
This statistic measures how successful the fit is in explaining the variation of the data. Thus, R-square is the square of the correlation between the response values and the predicted response values. R-square is defined as the ratio of the sum of squares of the regression (SSR) and the total sum of squares (SST). SSR is defined as, ny SSR E (y-')2 Voltage is seen to gradually recover at all feeders. The full recovery of voltage is delayed due to re-connection of tripped load [1] . Voltage sag behavior of each phase is also clearly explained by the PSCAD Simulation performed. Voltage sags are seen to be longer for feeders closer to the fault point.
Current profile observations indicate that red phase current increase across all feeders during the fault. This could be caused by the nature of the fault. The Y-B-N fault on the HV side caused the yellow and blue phase current to drop to zero, leaving the red phase to supply the 132/33kV transformer for all 3 phases. This would lead to temporary increase in current on red phase during the fault. The surge in current before stabilizing at all phases for each feeder indicated a large percentage of motor load [7, 8, 9] . This would also account for the rise in red phase real power during the fault.
The active and reactive power for all phases and feeders is also seen to rapidly increase for a short instance of time after fault clearing to levels even above the pre-disturbance value. Surge of power is particularly overwhelming in terms of reactive power. This could be due to the reacceleration of motors, which requires high starting currents.
Upon voltage recovery, it is seen that certain feeders observed loads that are slightly higher that its pre-disturbance values. This type of load behavior has been observed for air conditioning load in previous studies [10] . A higher reactive load post-disturbance indicates that more reactive power is required to boost the supply following the voltage sag, as observed in many feeders. Most feeders showed a slightly higher operating voltage and lower real power readings post-disturbance. This is indicative that certain loads have failed to recover, boosting the voltage automatically.
Recovery time of the voltage increases as the severity increases. Load recovery time to point of stabilization which shows mixed results in this research, indicates that more sensitive load takes a much longer time to recover. Based on information from TNB Regional Control Centre in Figure 6 , it can be seen that heavy industrial loads with more motors take a much longer time to recover. The load change post fault compared to voltage sag indicates that KLJT is least dependent to voltage. This could be because the fault occurred on a Saturday morning where many of the offices were not operating. Since KLJT is mainly made up of commercial load, the effect would have been severe if the fault were to occur on a weekday during working hours. BJLL and PROT showed highest dependency since both a technology based industries which would have been operating as usual on a Saturday morning. MATLAB modeling clearly indicated that real power was more accurately computed compared to reactive power. It is also seen that the severity of the disturbances accentuates the nonlinear behavior of the load. This is noticed at the blue phase especially. Thus, accuracy of the simulation was indeed questionable for larger voltage sags. It is also seen that general linear calculations as done previously [4] shows values that are much less sensitive compared to the actual situation.
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